Robertsonian translocation, or centric fusion, which is known to be the most common mechanism in karyotype evolution of bovid species, was observed and described in captive Thai gaur (Bos gaurus readei). Blood samples were taken from 2 male and 2 female captive Thai gaur. After the standard whole blood lymphocyte culture in the presence of colchicine, the metaphase spreads were performed on microscopic slides and air-dried. Conventional staining, GTG-banding, CBGbanding and Ag-NOR banding techniques were applied to stain the chromosomes. The number of diploid chromosomes (2n) were 57 in 2 males and 56 in 2 females instead of the normal 2nϭ58. The fundamental number (NF) was 62 in both the 2 males and 2 females. The autosome consists of 3 submetacentric and 52 telocentric chromosomes in males, and 4 submetacentric and 50 telocentric chromosomes in females. The X chromosome was a large submetacentric chromosome and the Y chromosome was the smallest metacentric chromosome. Eight telocentric chromosomes and 2 submetacentric chromosomes (5 autosome pairs) were identified as satellite chromosomes which showed clearly observable nucleolar organizer regions (NORs). The presence of an extra submetacentric chromosome and the loss of 2 telocentric chromosomes [57,XY,rob(1;29)] were observed in both males. Also, the presence of 2 extra submetacentric chromosomes and the loss of 4 telocentric chromosomes [56,XX,rob(1;29)] were observed in both females. Results from the GTGbanding and CBG-banding techniques analyses confirmed that the 2 autosomes of male (2nϭ57) and 4 autosomes of female (2nϭ56) involved in the translocation are the chromosome pairs 1 and 29, which are common in translocation of the bovid species.
The Bovidae family comprises 124 species clustered in 9 subfamilies of which the Bovinae and Caprinae are the most important in economic terms (Vaughan 1986, Wilson and Cole 2000) . In general, the family Bovidae are relatively conservative chromosomally. Although the diploid chromosome number ranges from 2nϭ30 to 2nϭ60, the fundamental number (NF), which indicates the number of chromosome arms, has remained constant at 58 to 60 for most species. Several studies have shown that the autosomes of many bovid species evolved by a mechanism of centric fusion translocations or Robertsonian translocations (rob) which reduced the diploid number but not the fundamental number (Wurster and Benirschke 1968) . This hypothesis has been demonstrated by using both comparative banding (Effron et al. 1976 , Buckland and Evans 1978 , Hayes et al. 1991 , Gallagher and Womack 1992 , Gallagher et al. 1994 , Iannuzzi and Di Meo 1995 and FISH mapping (Iannuzzi et al. 2000 , 2001 , Di Meo et al. 2002 , Hayes et al. 2003 studies. There is, however, good evidence of tandem rearrangements in some species (Gallagher and Womack 1992) and paracentric inversions in others (Hayes et al. 1991 , Robinson et al. 1998 .
The widespread nature of this translocation is indicative of its ancient origin. This is supported by the fact that rob(1;29) is monocentric, with a reduction in the heterochromatin block of the centromeric region (Iannuzzi et al. 1992) , and that no spontaneous cases have been reported (Popescu 1990) . Dicentric fusions, with 2 distinct blocks of constitutive heterochromatin, are considered of more recent origin and can be less stable (Iannuzzi et al. 1992) . These have been shown to arise spontaneously in individuals from chromosomally normal parents (Iannuzzi et al. 1992 , Rubes et al. 1996 , Molteni et al. 1998 . Although the mechanism for the formation of Robertsonian translocations has not been elucidated, evidence indicates that they may arise as a result of the following possibilities: loss of telomeric sequences due to telomere shortening or chromosome breakage, loss of telomeric function, or recombination between homologous sequences on non-homologous chromosomes (Page et al. 1996 , Slijepcevic 1998 .
Thai gaur (Bos gaurus readei), the native cattle of Southeast Asian rainforests, is one of the many wild cattle species currently listed as vulnerable (IUCN 2009 ). Phenotypic features of Thai gaur are similar to those of Indian and Malayan gaur. The dark brown coat is short, dense and shiny with large shoulder hump and white stockings. The head is high with a bulging forehead ridge between the horns (Lekagul and McNeely 1977, 1988) (Fig. 1) . As with other Bovidae species, chromosome studies indicate that the gaur evolved from the same wild ancestor from which the domestic European and Zebu cattle originated (Wurster and Benirschke 1968, Buckland and Evans 1978) .
A recent analysis of 1 female and 1 male captive Thai gaur at Songkla Zoo, Thailand, found diploid chromosome numbers of 2nϭ57 in the male [57, XY, rob(1; 29) ] and 2nϭ56 in the female [56, XX, rob(1; 29) ] instead of the normal 2nϭ58 by conventional staining technique (Kakampuy et al. 2007) . For the present study, we collected more blood samples, from 2 male and 2 female captive Thai gaur, and then carried out analyses with conventional staining, GTG-banding, CBGbanding, and Ag-NOR-banding to make a confirmation that Robertsonian translocation exists in captive Thai gaur chromosomes. This report describes the first chromosome banding technique by CBG-banding and Ag-NOR banding in gaur.
Materials and methods
Blood samples of 2 male and 2 female captive Thai gaur were collected from Songkla Zoo, Songkla Province, Thailand and then applied for cytogenetic studies by lymphocyte culture of whole blood samples. The culture cells were treated with a colchicine-hypotonic-fixation-air-drying technique followed by conventional staining, GTG-banding, CBG-banding and Ag-NOR banding techniques adopt from Rooney (2001) and Campiranon (2003) . Chromosome examining, karyotyping and idiograming were accomplished from 20 cells of each individual by using a light microscope as previously described (Chaiyasut 1989) . The karyotypes were arranged according to the ISCNDB (2000) recommendations.
Results and discussion
Cytogenetic study of captive Thai gaur using lymphocyte culture revealed the chromosome number is 2n (diploid)ϭ57 in the 2 males and 56 in the 2 females, instead of the normal 2nϭ58. In males, the autosome consists of 3 submetacentric and 52 telocentric chromosomes, while for the female it consists of 4 submetacentric, 50 telocentric chromosomes. It differs from the previous study of Riggs et al. (1997) which reported that gaur (2nϭ58) was characterized karyotypically by 2/28 Robertsonian translocation with respect to the cattle karyotype (2nϭ60). This was consistent with an earlier report of Gallagher and Womack (1992) which examined chromosome comparisons between gaur and domestic cattle basing upon Q-banded karyotype. A centric fusion between chromosome 2 and 28 of the ancestral cattle karyotype of 58 acrocentric chromosomes gave rise to the gaur karyotype (2nϭ58), consisting of 27 pairs of acrocentric chromosomes and 1 pair of submetacentric chromosomes (Winter et al. 1984 , Gallagher and Womack 1992 , Riggs et al. 1997 . Q-banding indicates that extensive band homologies exist between gaur and domestic cattle (Gallagher and Womack 1992) .
The presence of an extra submetacentric chromosome and the loss of 2 telocentric chromosomes were observed in both males [57, XY, rob(1; 29) ]. Also, the presence of 2 extra submetacentric chromosome and the loss of 4 telocentric chromosomes were observed in both females [56, XX, rob(1; 29) ] (Figs. 2, 3, 4 and 6). Results gained from conventional staining, GTGbanding and CBG-banding techniques confirm that 2 autosomes in males and 4 autosomes in females (telocentric chromosomes) are involved in Robertsonian translocation are bovine homologues 1/29 [rob(1/29)]. This is in the agreement with Kakampuy et al. (2007) , whose recent cytogenetic analysis of captive Thai gaur demonstrated the diploid chromosome number of 2nϭ57 in males and 2nϭ56 in females instead of the normal 2nϭ58. The 2nϭ57 in males chromosomes showed the presence of an extra submetacentric chromosome and the loss of 2 acrocentric chromosomes was observed. The 2nϭ56 in female chromosomes showed the presence of 2 extra submetacentric chromosomes and the loss of 4 acrocentric chromosomes was observed. This was consistent with the cytogenetic analysis of a female gaur at Toronto Zoo (central Canada) which found that the individual contained 2nϭ57 chromosomes instead of the normal 2nϭ58, with an extra submetacentric and the loss of 2 acrocentric chromosomes being observed (Mastromonaco et al. 2004 ).
This result is consistent with a cytogenetic study by Vadhanakul et al. (2004) of a Thai gaur sire at Khao Kheow Open Zoo, (central Thailand). The results revealed 2nϭ56. Two pairs of submetacentric autosomes of different size and 25 pairs of acrocentric autosomes were found whereas sex chromosomes were submetacentric (X) and metacentric (Y). A comparison between the GTG-banded karyotype of Thai gaur with a domestic cattle standard showed the 2 pairs of submetacentric autosomes of Thai gaur occurred from the centric fusion of 1;29 and 2;28 acrocentric autosomes, respectively. Moreover, this is also consistent with Bongso et al. (1988) , who reported the same diploid number (2nϭ56) in Malayan gaur as in Thai gaur. The Malayan gaur Oryx spp., and Antilope spp. (Gallagher and Womack 1992) , and its emergence in domestic cattle and the gaur. This report describes the first chromosome banding technique by GTG-banding, CBG-banding and Ag-NOR banding in captive Thai gaur. Interestingly, we detected the Robertsonian translocation in all metaphase spreads. The identification of centric fusion translocation in a captive Thai gaur by GTG-banding technique indicated that fusion had occurred between bovine homologues of chromosome 1/29 (Fig. 3) . The Robertsonian translocation 1/29 by CBG-banding technique demonstrated 1 autosome (submetacentric chromosome) in males and 2 autosomes (submetacentric chromo some) in females are no dark bands (C-negative) on centromeres. It revealed that centric fusion can lead to the centromere splicing and then fuse back again. Moreover, we found that no dark bands appear in the sex chromosomes (X and Y chromosomes) while 55 autosomes (telocentric chromosomes) in males and 54 autosomes (telocentric chromosomes) in females show dark bands (C-positive) on the centomere of all chromosomes. It is normally well know that the CBG-banding technique have to show dark bands as only as being constitutive heterochromatin (Fig. 4) .
Our present study is the first report on captive Thai gaur accomplished by Ag-NOR banding. The technique shows dark bands (NOR-position) on long arms near the telomere of 8 telocentric chromosomes and short arms near the telomere of 2 submetacentric chromosomes (10 positions) in both the 2 males and the 2 females (Fig. 5) . The comparative study on others species in the subfamily Bovinae revealed that river buffalo (Bu. bubalis) had NOR on the autosome pairs 3, 4, 8, 21, 23 and 24 while swamp buffalo (Bu. bubalis) had NOR on 2 submetacentric and 4 telocentric chromosomes. Cattle (Bos indicus) had NOR on the long arms near the telomere of 6 telocentric chromosomes Iannuzzi 1981, Di Berardino et al. 1989) . Moreover, the report of Mayr and Gruber (1986) demonstrated that there is NOR on the long arms near the telomere of 10 telocentric chromosomes cattle (Bo. taurus). Numerous studies provide evidence for the role of Robertsonian translocations in reduced fertility (in vitro: Kawarsky et al. 1996 , Rubes et al. 1999 , in vivo: Gustavsson 1969 , Dyrendahl and Gustavsson 1979 , Rangel-Figueiredo and Iannuzzi 1991 . Despite being phenotypically normal, translocation carriers experience a decrease in reproductive potential, predominantly due to the production of chromosomally unbalanced gametes which, subsequent to fertilization, result in early embryonic death (Popescu 1990 ). This is supported by studies which detected monosomic (2nϪ1) and trisomic (2nϩ1) embryos among embryos sired by bulls who were heterozygous carriers of rob(1/29) (King et al. 1980 , Popescu 1980 , whereas no live offspring with these deleterious aneuploidies have been reported.
Robertsonian translocations are thought to play a primary role in the evolution and speciation of the Bovidae (Wurster and Benirschke 1968, Buckland and Evans 1978 the domestic cattle karyotype consisting of 58 acrocentric autosomes and 2 sex chromosomes (2nϭ60) is the primitive karyotype from which all modern bovid species are descended (Wurster and Benirschke 1968, Buckland and Evans 1978) . The gaur, native cattle of the rainforests of Southeast Asia, is one of the many wild cattle species currently listed as vulnerable or endangered (IUCN 2009 ). As with other Bovidae, chromosome studies indicate that gaur evolved from the same wild ancestor from which the domestic European and Zebu cattle originated (Wurster and Benirschke 1968, Buckland and Evans 1978) . The centric fusion 2;28, unique to the gaur, was shown to have a decreased heterochromatin block as seen by fluorescence in situ hybridization (FISH) analysis using the 1.715 probe (a satellite sequence conserved in all Bovidae) (Modi et al. 1996) . 
